Background and purpose Review the literature concerning modalities to evaluate the integrity of the deltoid ligament in patients with supination external rotation ankle fractures. Methods The electronic databases Pubmed/Medline, CINAHL and Embase were searched from 1987 to November 2007 to identify all published original studies concerning diagnostic modalities to evaluate the integrity of the deltoid ligament in adult ankle fractures. Results This review included nine studies involving 423 ankle fractures. Three trails investigated medial tenderness; two studies, ecchymosis; two studies, swelling; one study, an injury radiograph; six studies, a type of radiographic stress view; one study, the Lauge-Hansen classiWcation; one study, MRI; and one article studied arthroscopy in the evaluation of the deltoid ligament integrity. Interpretation Swelling, ecchymosis, medial tenderness, initial injury radiographs and the Lauge-Hansen classiWcation are less adequate predictors of the integrity of the deltoid ligament. Manual or the less painful variant, the gravity external rotation stress radiographs are considered the gold standard. The amount of medial clear space widening indicative of a positive external rotation stress test has been somewhat variable in the literature but ¸5 mm is generally regarded as most reliable. Achieving adequate external rotation of the foot when obtaining stress radiographs is more important than positioning the ankle in the appropriate degree of ankle Xexion. The amount of applied force necessary when performing an external rotation stress radiograph is not well deWned and mainly determined by the patient's pain level. The indication for surgery should not be based on the absolute value of one parameter but on the combination of several parameters. If nonoperative treatment is chosen despite a positive stress radiograph, close follow-up is critical because subluxation of the ankle joint is still possible. MRI could be useful in individual cases.
Introduction
Previously, surgeons stated that reduction of the lateral malleolus was the key element in treating ankle fractures [56] . Today it is recognized that the deep deltoid ligament is the primary stabilizer of the ankle and prevents lateral talar shift and external rotation of the talus. The deep deltoid ligament originates on the posterior border of the anterior colliculus, the intercollicular groove, and posterior colliculus of the tibia and it is oriented transversely and inserts into the entire nonarticular surface of the medial talus. A rupture of the deep deltoid ligament results in ankle instability after distal Wbular fracture [19, 21, 30, 31, 37, 42, 43, 52] . The stability of the loaded ankle is primarily due to the deltoid ligament, which exerts a restraining inXuence on the external rotation of the talus [31] . Michelson et al. [30, 31] showed in a cadaver model that an osteotomized lateral malleolus and a transected superWcial deltoid ligament did not allow for widening of the medial clear space and talar translation. However, when the deep deltoid ligament was transected, the ankle became unstable. Ankle fractures that allow for talar subluxation are considered to be unstable.
Lauge-Hansen supination external rotation (SER)-type ankle fractures are equivalent to a Weber B injury and account for 40-75% of all ankle fractures [13, 20, 23, 26, 30, 33, 58] . The SER-type fractures are numbered I through IV in order of severity [8] . A SER II injury is an isolated lateral malleolus fracture with an intact medial ligamentous complex and is amenable to nonoperative treatment [3, 7, 9, 21, 25, 27, 40, 41, 54, 58] . A SER IV injury consists of a lateral malleolar fracture with a deep deltoid ligament disruption, a medial malleolar fracture, or both. Operative Wxation of the Wbular fracture is usually required in SER IV ankle fractures [4, 13, 19, 21, 37, 52, 54, 58] . In the case of a medial malleolar fracture associated with deltoid ligament injury, Wxation of the medial malleolus may not restore ankle joint stability and an internal Wxation of Wbular fracture may be necessary [6, 48, 49, 52] . Evaluation of the integrity of the deep deltoid ligament is particularly important when patients present with an isolated not dislocated Wbular fracture and a radiographically normal medial clear space [12] .
Until today we used the clinical signs such as ecchymosis, swelling, and tenderness to evaluate integrity of the medial structures. Recent studies showed that these signs are not reliable [12, 16, 29] and we are of the opinion that the stress radiographs are more reliable. Today there is no clear review, and there is no evidence-based Xow chart as to how to evaluate deltoid ligament integrity. Therefore, the literature was reviewed according to the MOOSE guidelines [50, 51] to evaluate the value of physical examination, radiological investigations, arthroscopy, or fracture classiWcations in assessing deltoid ligament integrity in SER ankle fractures. The second objective of this article was to formulate recommendations for clinical practice and future research.
Methods
Clinical and cadaveric studies that included diagnostic modalities to identify a deltoid ligament rupture in adult humans with an ankle fracture were eligible for this systematic review. Abstracts from scientiWc meetings were excluded. Papers outside the English language were considered if translation was possible.
We searched MEDLINE with PubMed, CINAHL, EMBASE and reference list of the included articles from 1987 to November 2007. In MEDLINE (PubMed), we used clinical queries feature with a broad search for: (diagnosis OR diagnosing OR diagnostic) AND [(medial AND (ligament* OR ligamentous)] OR medial clear space* OR deltoid ligament* OR medial injury) AND (ankle fracture* OR Wbular fracture* OR lateral malleolus fracture*). The search in the other databases yielded no additional relevant articles. The result was combined with an electronically backward search and checked manually for related articles. Furthermore, the lists of references of retrieved publications were manually checked for additional studies potentially meeting the inclusion criteria and not found by the electronic search.
From the title, abstract, two reviewers (MB, EM) independently reviewed the literature searches to identify relevant articles for full review. From the full text, using the above mentioned criteria; two reviewers (MB, EM) independently selected articles for inclusion in this review. Disagreement was resolved by consensus or by third party adjudication (CD).
It was the initial intention of the authors to use a strict methodology for paper selection, focusing on diVerent testing modalities, comparison with a golden standard and a separate evaluation of the testing modalities in diVerent fracture types. These scientiWc standards had to be abandoned however, as almost none of the available papers fulWlled the above mentioned criteria; the only real golden standard is to make a surgical incision over the deltoid ligament and inspecting its integrity in all included ankle fractures. Comparison between diVerent tests was not possible since there was no uniformity between reports in diVerent type of ankle fractures, associated soft-tissue injury, diagnostic criteria, testing procedures and golden standard. Sensitivity, speciWcity, negative predictive value, positive predictive value and comparisons between SER II and SER IV ankle fractures (with P value) were extracted from the included studies.
Results
The above deWned search strategy resulted in 364 potentially eligible articles. Independent review of the titles, abstract and the full text resulted in the inclusion of nine articles. The main reason for exclusion was that the diagnosis of interest was not a deltoid ligament rupture/insuYciency. The nine included studies involved 423 ankles with an (simulated) (cadaveric) ankle fracture. An overview is shown in Tables 1 and 2 . Three trails investigated medial tenderness [12, 16, 29] ; two studies, ecchymosis [16, 29] ; two studies, swelling [16, 29] ; one study, an injury radiograph [46] ; six studies, a type of radiographic stress view [12, 16, 18, 29, 32, 35, 45] ; one study, the Lauge-Hansen classiWcation [46] ; one study, MRI [24] ; and one article studied arthroscopy [46] in the evaluation of the deltoid ligament integrity. The publication dates span 6 years; in 2001, Michelson et al. [32] was the earliest and in 2007, Koval et al. [24] and Schock et al. [45] were the most recent publications. All studies were performed in the US.
Physical examination
DeAngelis et al. [12] found a sensitivity of 57%, a speciWcity of 59%, a positive predictive value of 50%, a negative predictive value of 66%, and an accuracy of 42% for medial tenderness as a measure of deep deltoid ligament incompetence. Egol et al. [16] reported on the sensitivity and speciWcity for medial tenderness, swelling, and ecchymosis alone and in combination. They found a range of sensitivities from 20 to 56% and speciWcities from 71 to 97%. McConell et al. [29] reported a 56% positive predictive value for severe tenderness as a predictor of a rupture. DeAngelis et al. [12] No correlation of medial tenderness with positive stress radiographs Park et al. [35] Stress radiographs in dorsiXexion/external rotation were most predictive
McConnell et al. [29] Soft-tissue indicators are not accurate predictors of instability Gill et al. [18] Manual is equivalent to gravity-stress radiographs Egol et al. [16] Medial tenderness, swelling, and ecchymosis were not sensitive in predicting instability
Michelson et al. [32] Gravity-stress radiographs were found to reproducibly document destabilizing deltoid ligament damage Schuberth et al. [46] Deltoid ligament integrity cannot be reliably predicted by the MCS on injury radiographs and by LH classiWcation Koval et al. [24] MRI is more reliable than manual-stress radiographs in evaluating deltoid ligament integrity Schock et al. [45] Gravity-stress is as reliable as and more comfortable than of manual-stress radiographs
Severe soft-tissue swelling was seen in 24, 35, and 56% for SER II, stress-positive SER IV, and displaced SER IV fractures, respectively. Severe medial ecchymosis was seen in 5, 6, and 19% for SER II, stress-positive SER IV, and displaced SER IV fractures, respectively.
Injury radiographic view
Schuberth et al. [46] showed that with arthroscopic visualization of the deep deltoid ligament as a golden standard, an MCS of 3 mm on the injury radiograph had a false-positive rate for deltoid rupture of 88.5%. At an MCS of 4 mm, the false-positive rate was 53.6%. At an MCS¸5 mm, the false-positive rate for deltoid rupture diminished to 26.9%.
With an MCS¸6 mm, the false-positive rate for deltoid rupture was only 7.7%.
Radiographic stress view
DeAngelis et al. [12] , Egol et al. [16] , McConnell et al. [29] used a manual external rotation stress radiograph as a golden standard to compare with the physical examination.
In the radiographic analysis of McConnell et al. [29] there were signiWcant diVerences between the displaced SE4 fractures and the SE2 and stress (+) SE4 fractures with regard to the MCS and Wbular displacement (P < 0.0001). On the stress radiographs, the MCS averaged 3.63 mm for the SE2 fractures and 5.69 mm for the stress (+) SE4 fractures (P < 0.0001).
Gill et al. [18] compared the gravity ( Fig. 1) with the manual-stress radiographs. In the SER II group, the average MCS was 4.15 and 4.26 mm on the manual and gravitystress radiographs, respectively (P = 0.50). In the SER IV group, the average MCS was 5.21 and 5.00 mm on the manual and gravity-stress radiographs, respectively (P = 0.69). There were signiWcant diVerences between the SER II group and the SER IV group with regard to the MCS on both the manual and gravity-stress radiographs (P < 0.02 and P < 0.05, respectively).
Michelson et al. [32] showed with a gravity-stress radiograph that regardless of the Wbular status, releasing the superWcial deltoid did not alter talar shift or talar tilt. The combination of deep and superWcial deltoid release resulted in signiWcantly increased talar shift (P = 0.003) and tilt (P = 0.0001). They found the gravity-stress view to be 100% sensitive and 100% speciWc for identifying ankles with deep deltoid ligament transection [32] .
Park et al. [35] showed that measurement of an MCS¸5 mm on stress radiographs taken in dorsiXexionexternal rotation yielded a sensitivity of 100% (95% CI, 61-100%), speciWcity of 100% (95% CI, 89-100%), and positive and negative predictive values of 100%. As expected, larger medial clear space thresholds usually resulted in higher speciWcity but lower sensitivity. When measuring an absolute width to predict deep deltoid ligament status, radiographs taken with external rotational stress applied yielded the highest combination of sensitivity, speciWcity, positive predictive value, and negative predictive value in predicting deep deltoid ligament transection. Furthermore, of the three positions of ankle Xexion stressed in external rotation, dorsiXexion was most predictive of deep deltoid ligament transection in terms of these statistical parameters.
Schock et al. [45] measured a mean MCS of 6.09 mm (4.4-8.1) on gravity-stress radiographs, and 5.81 mm Fig. 1 Gravity-stress radiograph (4.0-8.2) on manual-stress examination (P = 0.63). Thirteen (45%) were stress-negative with a mean MCS measuring 3.91 mm (3.3-5.1) on gravity-stress, and 3.61 mm (2.6-4.5) on manual-stress examination (P = 0.39). There was a statistically signiWcant diVerence in the mean values of stress-positive and stress-negative examinations in both the examinations of gravity-stress and manual-stress (P < 0.0001 and P = 0.0003, respectively). The mean increase in pain VAS from pretesting to gravity-stress was 0.64 (0-6) and from pretesting to manual-stress testing 2.96 (3-9). The change in pain VAS score from pretesting to gravity-stress testing when compared to that of pretesting to manual-stress testing was statistically signiWcant (P < 0.0001).
Lauge-Hansen classiWcation
After evaluation of the 40 ankle fractures according to the Lauge-Hansen classiWcation, the integrity of the deltoid ligament was opposite to that of the expected Wndings in three fractures [46] .
Ultrasound
No studies were found using ultrasound in evaluating deltoid ligament integrity in patients with SER ankle fractures.
MRI
The value of MRI in evaluating deltoid ligament integrity could not be determined on the basis of this search of the literature. In a preliminary report, Koval et al. [24] observed that 19 of 21 patients (90%) who had a positive manual-stress radiograph (MCS > 5 mm) had evidence of only a partially torn deep deltoid ligament on MRI.
Arthroscopy
Schuberth et al. [46] used this measurement as a golden standard to retrospectively compare with the MCS on the injury radiograph and to compare with the Lauge-Hansen classiWcation. The value of arthroscopy in evaluating deltoid ligament integrity could not be determined on the basis of this search of the literature.
Discussion
In high Wbular fractures (PER [26, 34, 58] or Weber C [10, 53] ) there is an obvious indication for surgery to maintain the congruency of the ankle mortise. In lower Wbular fractures (SER [26, 34, 58] or Weber B [10, 53] ) there is an indication for surgery when the deltoid ligament is ruptured even when there is no tibiotalar dislocation on the trauma radiographs [30, 31] . The above is mentioned because the lateral (lateral malleolus and lateral ligaments) or the medial side (medial malleolus or deltoid ligament) of the ankle has to be stable to avoid tibiotalar dislocation. A reliable evaluation of the deltoid ligament integrity is essential in the evaluation if there is an indication for surgery in the not or little displaced SER or Weber B fractures.
Orthopedic surgeons most often rely on clinical signs such as ecchymosis, swelling, and tenderness to evaluate integrity of the medial structures because they are quick, easy, and inexpensive [2, 7, 27, 36, 37, 41] . An American Academy of Orthopaedic Surgeons review literature supports the use of medial tenderness as a predictor of deep deltoid disruption in SER-type ankle fractures [5] . Recent reports have questioned the reliability of these clinical Wndings [1, 29] . Current literature supports the concept that clinical features of the injured ankle are inadequate predictors of the stability of the ankle joint [12, 16, 29] . Especially a high speciWcity is important to avoid that SER IV ankle fractures are refrained from open reduction and internal Wxation. While it is likely that the patient has a soft-tissue injury if these symptoms are present, it may not be a complete deep deltoid injury and the deltoid ligament may not be incompetent. The superWcial deltoid ligament, taking its origin from the anterior colliculus, does not contribute to medial stability of the ankle and may be injured by means of a rotational mechanism [29, 31, 39] .
Because the initial injury radiographs of an ankle with an isolated distal Wbular fracture may be inconclusive, a stress radiograph is recommended to determine the medial clear space [16, 29] . The integrity of the deep deltoid ligament can be indirectly evaluated by the medial clear space on these stress radiographs and is measured from the superiormedial aspect of the talus to the superior-medial corner of the plafond on a mortise radiograph. External rotation stress radiographs, as described by Pankovich, are considered the gold standard, but this test has some shortcomings and has never been validated [19, 29, [36] [37] [38] [39] 52] . Tornetta stated that these tests are the gold standard of subluxation, an indirect measurement of deltoid injury or deltoid insuYciency. The amount of medial clear space widening indicative of a positive external rotation stress or gravity-stress test has been somewhat variable in the literature [8, 12, 16, 18, 19, 21, 23, 28, 29, 32, 35, 40, 46] . Normal values reported in the literature have varied from 1 to 5 mm [8, 11, 19, 21, 28] . A medial clear space of ¸4 mm, with that value being at least 1 mm greater than the superior tibiotalar space is a value that is accepted to represent an unstable ankle fracture [2, 16, 18, 20, 29, 30, 40] . A recent cadaver study examining the position of the ankle at the time of stress radiography demonstrated that a medial clear space of 5 mm was a reliable predictor of deltoid ligament incompetence [35] . Michelson et al. [32] found that an increase in medial clear space of 2 mm from its baseline value occurred only after complete disruption of the deep deltoid ligament. Regardless of the Wbular status, transection of the superWcial deltoid ligament alone did not cause medial clear space widening [32] . The direction of rotational stress applied to the foot had a greater eVect on medial clear space in predicting deep deltoid ligament status than did the position of ankle Xexion [35] .
Ankle stress radiographs taken in dorsiXexion with external rotation were most predictive of deep deltoid ligament disruption after distal Wbular fracture [35] . Patients may experience pain during an ankle stress test, which would increase the role of active muscle forces in ankle dynamics, and this would limit the amount of rotation that one could apply to the injured ankle. The amount of applied force necessary when performing an external rotation stress radiograph is not well deWned; Xenos recommended 5 Nm, McConnell and Park recommended 8 lb, and Tornetta used 20 lb [29, 32, 52, 55] . External rotation stress radiographs are only well tolerated with use of narcotics or anesthesia [12] . There was no signiWcant diVerence between the gravity and the manual-stress radiograph with regard to mean medial clear space or talar shift measured in association with either fracture pattern [18] . The VAS score for examinations of manual-stress indicated that patients perceived more discomfort than with gravity testing [45] . The main limitation of the gravity-stress radiograph is the inability to control dorsiXexion and plantar Xexion [18] . This technique involves less radiation exposure to the physician and can be performed by a radiology technician [18] .
Arthroscopy has been used in the past to assess cartilage lesions and ligamentous damage in acute ankle trauma [14, 15, 22] . Arthroscopic evaluation of the deep deltoid ligament in patients with a suspected rupture of the deltoid ligament is not a practical diagnostic modality. Schuberth et al. [46] compared deep deltoid ligament integrity with corresponding medial clear space measurements in the clinical setting. They concluded that displaced lateral malleolar fractures in patients with medial ankle tenderness, but without overt widening of the medial clear space on injury radiographs require careful attention because the integrity cannot be reliably predicted by injury radiographs [46] . Although use of the Lauge-Hansen classiWcation accurately determined most fracture patterns, it has been shown that the system cannot be applied consistently among users with only poor-to-fair inter-observer reliability [30, 34, 44, 57] . The problem of inconsistent application of the Lauge-Hansen scheme is compounded by fracture patterns that escape this classiWcation system altogether [17, 46] . Some fractures considered stable by the LaugeHansen classiWcation may require careful scrutiny to rule out deep deltoid injury [46] . These Wndings are in agreement with the study of Gardner et al. [17] that the LaugeHansen system should only be used only as a guide in the diagnosis and management of ankle fractures and not solely relied upon for treatment decisions. MRI could be helpful in determining deltoid ligament integrity and be useful in individual cases in which doubt about joint stability and soft-tissue integrity exists [17, 47] . In a preliminary report, Koval et al. [24] observed that 19 of 21 patients (90%) who had a positive manual-stress radiograph (MCS > 5 mm) had evidence of partially torn deep deltoid ligament on MRI. These patients were treated nonoperatively, whereas two patients had MRI Wndings of a complete deep deltoid injury and underwent surgical treatment. With use of the MRI, they were able to identify and provide eVective nonoperative care to 19 patients who otherwise might have undergone operative treatment after an isolated lateral malleolar fracture [24] . Medial clear space measurements on manual-stress radiographic testing did not correlate with deep deltoid rupture on MRI [24] . These conclusions should be interpreted with caution because of the incomplete follow-up and the short term follow-up [24] . Clearly there are limitations in its practicality because of cost and convenience.
Implications for future research
Future research especially on stress radiographs should focus on the comparison of the injured with the uninjured contralateral ankle. The applied force in the stress radiographs and the magnitude of the medial clear space should be determined. The physical examination should be performed within 24 h and repeated within 5 days because in some ankles the ecchymosis develops later. The contribution of the superWcial deltoid ligament to talar stability in the ankle mortise should be determined. The value of MRI and ultrasound investigation in determining deltoid ligament integrity should be conWrmed and a subset of patients who will beneWt from an MRI in evaluating deltoid ligament integrity should be identiWed. Future trials should be prospective and on larger sample sizes.
Implications for clinical practice
In Table 3 , a Xow chart for treatment of supination external rotation ankle fractures with suspected deltoid ligament rupture is formulated. Clinical features (swelling, ecchymosis and medial tenderness) of the injured ankle are less adequate predictors of the stability of the deltoid ligament. Initial injury radiographs of an ankle with an isolated distal Wbular fracture and the Lauge-Hansen classiWcation may be inconclusive to detect deltoid ligament rupture. Manual or gravity external rotation stress radiographs are considered the current best available diagnostic in evaluation deltoid ligament insuYciency. The amount of medial clear space widening indicative of a positive external rotation stress test has been somewhat variable but all authors agree that a clear space of ¸5 mm is compatible with a rupture of the deep deltoid ligament. Understanding the normal radiographic relationship of the ankle mortise to compare the medial clear space with the superior clear space helps in the diagnosis of deltoid ligament injury. Adding an X-ray ruler would be helpful to determine the medial clear space. Achieving adequate external rotation of the foot, when obtaining stress radiographs, is more important than positioning the ankle in the appropriate degree of ankle Xexion. The amount of applied force necessary when performing an external rotation stress radiograph is not well deWned and mainly determined by the patient's pain level. The gravitystress has demonstrated to be as reliable as the manualstress radiograph. The indication for surgery should not be based on a combination of several parameters. If nonoperative treatment is chosen despite a positive stress radiograph, close follow-up is critical because subluxation of the ankle joint can early take place. MRI could be helpful in determining deltoid ligament integrity and be useful in individual cases in which doubt about joint stability and soft-tissue integrity exists. Operative treatment: Open reduction and internal fixation of fibular fracture; there is no indication for suturing the deltoid ligament.
